FENT3N : NEW FORMATIOS OF GLPCOLLIC ALDEHYDE. 775 phenylhydrazine acetate, the solution soon becomes cloudy and, after a time, deposits a bulky precipitate consisting of yellowish-brown leaflets.
On heating the aqueous solution, some of the aldehydic substance passes off with tbe steam, the distillate giving a silver mirror in the cold. If allowed to evaporate in a vacuum over sulphuric acid, the solution leaves a very viscid syrnp which will not crystallise even if kept several weeks ; it dissolves easily in water and i n alcohol, b u t is nearly insoluble in ether. No crystalline compound could be obtained from it by the action of excess of saturated solution of sodium hydrogen sulphite.
The aqueous solution has a n acid taste and reaction with indicators, b u t the neutralising power is quite insignificant as compared with the reducing power, as shown by the following experiments.
3.4153 grams of the original crptnllised acid was heated with water until carbon dioxide ceased to be evolved ; the solution was cooled and made u p to 250 C.C.
25 C.C. of this solution required 0.2 C.C. of standard soda solution, containing 0.0125 gram NaOH, per C.C. for nentrslisation, phenolphthalein being used a8 indicator. Or, one molecule of the original acid, C4H40,,2H20, after decomposition, neutrnlised about 1/30 mol. of NaOH, but reduced nearly 2 atoms of copper from the cupric to the cuprous state.
Estimation of the Carbon Dioxide evolved.-0*1516 gram of the original crystallised acid was weighed into a small distilling flask. The latter was then nearly filled with water, the neck sealed and the tube connected with a Lunge's nitrometer charged with mercary. The flask was heated i n a water-bath until evolution of carbon dioxide had ceased, and the liquid was then boiled so as to tranfer all the gases to the nitrometer. The carbon dioxide was afterwards estimated by absorption with caustic potash. 37.1 C.C. of carbon dioxide was obtained at 12" and 753 mm. = 35.06 C.C. cow. If 1 mol. of the acid loses 2 mols. of carbon dioxide the volume should be 36.7 C.C.
The properties of the aldehydic substance correspond closely to those of gZycolZic aldehyde, CH2( OH).COH, as described by Fischer and Landsteiner (Bey., 1892, 25, 2549) , and the format.ion of this aldehyde i n the above decomposition could be readily understood if the change takes place according to the equation
and Lmdsteiner by the interaction of bromaldehyde, CHzBr*COH, and baryta-water a t 0". Marckwald and Ellinger also describe its formation from glycol-acetal, CH,(OH)*CH(OC,H,),, and dilute acids (Bey., 1892 (Bey., , 25, 2984 .
The nature of the substance in solution was proved by Fisclier and Landsteiner in the following way.
By the action of excess of phenylhydrszine acetate, the pheiiyl-osazone of glyoxal I n this manner a strong solution was obtained. 1st. yH*N,H(CsHj) CH*RTzH( CsHj) , was obtained. 2nd. Oxidation with bromine gave glycollic acid. About 2 grams of calcium glycollnte were obtained from 11 grams of the bromaldehyde. These methods of proof were adopted i n the present case with the following results.
1. About 2 grams of the original acid, C4H4O6,2Hz0, were heated with water on a water-bath until no more gas was evolved. The solution was cooled. then mixed with about 4 grams of phenylhydrazine dissolved in acetic acid, and the mixture kept at 40" in n regulated sir-bath for about 24 hours. The abundant yellowishbrown crystalline precipitate produced was filtered off, drained by the aid of a pump, washed with small quantities of cold alcohol, and recrystallised from alcohol ; thus obtained, the substance had the appearance of small rosettes of minute brownish-yellow plates o r needles.
These properties exactly coincide with those of glyoxal phenylcsazone (Pickel, Aiznalew, 1886, 232, 231). 0.1596 gave 33.1 C.C. nitrogen at 20" and 742 mm. N = 23.66. 0.1673 gave 0.4311 COz and 0.0879 H20.
CI,H,,N4 requires C = 70.58 ; H = 5.88 ; X = 23.53 per cent.
2.
About 1 5 grams of the original acid were heated with water as before, mixed, after cooling, with the calculated quantity of bromine, about 13 grams, the mixture well shaken, and allowed t o strand at the ordinary temperature for two days. It was then heated on a water bath until t h e slight excess of bromine was expelled, cooled, neutralised with lead carbonate, filtered, and the lead removed from the filtrate by hydrogen sulphide. The excess of hydrogen sulphide was removed by heating on a water-bath, the liquid was cooled, and moibt silver oxide added to remove hydrogen bromide ; the silver was then removed from t h e filtrate by hydrogen sulphide and the excess of the latter removed as before, The solution was now well shaken with pure chalk heated on a water bath, and the filtered liquid concentrated by evaporation ; the crude calcium salt which separated, when dried in the air, weighed about 6 grams.
The melting point of the specimen was 169.5". C = 70.37 ; H = 5-83. From the above results, it may be concluded that the original acid, CAHt06, when heated with water, splits up almost quantitatively into glycollic aldehyde (1 mol.) and carbon dioxide (2 mols.). This reaction affords a very simple method for the preparat,ion of glycollic s l d e h y de.
The water seems to be essential in bringing about this change, since the anhydrous acid may be heated even a t 100" (in a n inert atmosphere), or its solution i n absolute alcohol may be boiled, a t any rate for a considerable time, without any decomposition taking place ; again, the anhydrous acid may be boiled with benzene without change, b u t on the addition of a few drops of water to the hot mixture, a n immediate evolution of carbon dioxide occurs.
The nature of this change may easily be conjectured, whichever of the two possible formula for the original acid be adopted. aldehyde and water. The latter view is, in niy opinion, by far the more probable because, as just stated, water is necessary to the decomposition, and also for other rcasons which favour the second formula rather than the first. These reasons I hope shoTtly to commnnicate. The residue obtained when the aqueous solution of the aldehyde is evaporated i n a vacuum was next studied; i3.1233 grams of the original crpstal!ised acid were decomposed, as before, by heating with water, precautions being taken to prevent loss by spurting, t h e solution allowed t o evaporate in a vacuum desiccator over sulphuric acid, arid the resulting thick sprapy residue weighed, and kcpt in the vacuum desiccator until the weight was constant. The residue then weighed 1.1210 grams. If the deconiposition takes place quantitatively, according t o the equation given abuve, the weight should be 1.0184 grams.
Combustion of this residue g a r e C = 37.33.
Glycollic aldehyde requires C = 40 00.
From these results, and from the slight acidity mentioned above, it is evident that a small quantity of some oxidation product is present.
If the decomposition of the criginal acid be effected in a n atmosphere of hydrogen the quantity of this oxidation product is dimillished. Thus, a sample of the residue obtained when this precautiou was taken g a r e on analysis C = 38-53! H = 6.34.
After several trials, it has been fonnd possible to remove this oxidation product altogether. The solution obtained after decomposition of the original acid by heating with water, is cooled and shaken for about 15 or 29 minutes with excess of pure precipitate2 chalk ; i t is then filtered, and the filtrate allowed t o evaporate in a vacuum o r e r sulphui-ic acid. The resulting thick syrup is digested with cold absolute alcohol, which readily dissolves the aldehyde bnt leaves a small quantity of a residue consisting of a calcium salt ;* the alcoholic solution of the aldehyde is then allowed t o evaporate, as before, i n a wicuurn desiccator. The residue is an almost colonrless, very viscid, syrup, having a slightly sweet taste; when dissolved in water, it exhibits all the characters mentioned above. Traces of alcohol are still retained in this product, as shown by the taste, and by the H = 6-09 per cent. H = 6-66 per cent.
* The culciiim salt, a€ter being thoroughly waslied with a1::ohol t o rein 01-e the sldc!iyde, diseolves in water, and the solution give3 a silver rnirr>r o n warming with ammoniacul silver nitrate. I f the solu5ioLi be trzated with aniline oxalate alld filtered froni c:ilciuiu oxalate, the fi!trate, on standing for somz time, gives a bright orange precip<.tate. From these observations, i t may be conclu led tlizt the oxitlation product a h r e mentioned is probably glyoxylic acid. Published on 01 January 1895. Downloaded by Universitat Politècnica de València on 27/10/2014 02:26:33.
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somewhat high numbers obtained on analysis. After about 24 hours' exposure in a vacuum desiccator the numbers were C = 42.40 ; H = 7.30, but afier about six days' exposure, with occasional s t i i~i n g , the result was C = 40.81 ; H = 7.01. I n order to remove these traces of alcohol, the product was wa,shed several times with anhydrous ether. I n this case traces of ether are retained in a similar manner, even after long exposure in a vacuum desiccator ; but by heating under greatly diminished pressure (about 50-20 mm.) on a water bath, the ether may be completely expelled. Thus, a specimen treated in this way gave, after about two hour^^ heating, the following numbers. 0.1511 gave 0.2249 COZ and 0.0899 HzO. C = 40.59 ; H = 6.60.
The same specimen heated further for about a n hour. 0.1225 gave 0-1802 CO, and 0.0710 H,O. C = 40.11; H = 6-43.
Glycollic aldehyde, as above stated, requires C = 40.00;
The substance, however, when heated in this way iindergoes a marked change in properties. The nearly colourless syrup is transformed into a transparent, pale yellow, solid gum. This gum is now nearly insoluble i n absolute alcohol ; it dissolves easily, however, i n water, giving a solution which has a decidedly sweet taste. The aqueous solution reduces Fehling's solution in the cold, and gives a silver mirror in the cold, just as did the original aldehyde, and i t gives a deep yellow coloration when heated with caustic alkalis ; but it only very slowly and imperfectly restores the colour to a rosaniline salt decolorised by sulphur dioxide, whereas the original aldehyde produced an immediate effect with this reagent. Heated to 40' with excess of phenylhydrazine acetate, a lemon-yellow, flocculent precipitatme is produced, which darkens on heating to a higher temperature on a water bath. This precipitate dissolves with some difficulty in hot water, and separates, on cooling, in lemon-yellow flocks ; in hot benzene or chloroform, i t is more readily soluble. Examined under the microscope it is seen to consist of minute needles. The product mas purified ( a ) by twice recrystnllising from hot water and then from benzene, and ( b ) by recrystallising three times from benzene ; both specimens melted a t the same temperature, namely, 162-163O.
The properties of this substance are very similar to those of the osazone which Fisher and Landsteiner obtained from tetrose, and which is identical with phen-j-lerythrosazone. These authors showed that a solution of glycollic aldehyde mixed with weak soda solution, and kept at Oo, was changed into tetrose, the latter being identified by formation of its osazone. It seemed probable, therefore, that this H = 6.66 per cent.
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CHAPMAN : SOME DERIVATIVES OF HUMULENE. same condensation might have taken place in the present case, and that the sweet, gummy substance mentioned above might be tetrose ; t'he melting point of t h e osazone is, however, too low, phenylerythrosazone melting at 166-168". I n order to decide this question, the molecular weight of the gummy product was determined by Raoult's method. Water was found to be the most convenient solvent, and gave very concordant results, but with acetic acid the results were not satisfactory owing to the extreme slowness with which the substance dissolved.
The following were the results obtained.
Grams of
Grams of substance.
water.
Freezing point. These point conclusively to the formula C6H,,0, (molecular weight = 180). The gummy product obtained by polymerisation of glycollic aldehyde, in the manner described abovo, appears therefore to be some form of hexose.
I hope soon to make further observations on the properties of this substance and of glycollic aldehyde.
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